
PROCEEDINGS OF SPIE 

 
 
 
 

Volume 9878 
 
 

Proceedings of SPIE 0277-786X, V. 9878 

SPIE is an international society advancing an interdisciplinary approach to the science and application of light. 

 
Remote Sensing of the Oceans   
and Inland Waters: Techniques, 
Applications, and Challenges 
 
 
Robert J. Frouin 
Satheesh C. Shenoi 
K. H. Rao 
Editors 
 
4–7 April 2016 
New Delhi, India 
 
Sponsored by 
SPIE 
 
Cosponsored by 
ISRO—Indian Space Research Organization (India) • Ministry of Earth Sciences (India) • 
NASA—National Aeronautics and Space Administration (United States) 
 
Cooperating Organizations 
State Key Laboratory of Remote Sensing Science, Chinese Academy of Sciences (China) 
RADI—Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences (China) 
JAXA—Japan Aerospace Exploration Agency (Japan) 
NICT—National Institute of Information and Communications Technology (Japan) 
 
Local Host 
ISRS—Indian Society of Remote Sensing (India) 
 
Published by 
SPIE 

Remote Sensing of the Oceans and Inland Waters: Techniques, Applications, and Challenges,
edited by Robert J. Frouin, Satheesh C. Shenoi, K. H. Rao, Proc. of SPIE Vol. 9878, 987801

© 2016 SPIE · CCC code: 0277-786X/16/$18 · doi: 10.1117/12.2244806

Proc. of SPIE Vol. 9878  987801-1



The papers in this volume were part of the technical conference cited on the cover and title 
page. Papers were selected and subject to review by the editors and conference program 
committee. Some conference presentations may not be available for publication. Additional 
papers and presentation recordings may be available online in the SPIE Digital Library at 
SPIEDigitalLibrary.org.  
 
The papers reflect the work and thoughts of the authors and are published herein as submitted. 
The publisher is not responsible for the validity of the information or for any outcomes resulting from 
reliance thereon. 
 
Please use the following format to cite material from these proceedings: 
  Author(s), "Title of Paper," in Remote Sensing of the Oceans and Inland Waters: Techniques, 
Applications, and Challenges, edited by Robert J. Frouin, Satheesh C. Shenoi, K. H. Rao, 
Proceedings of SPIE Vol. 9878 (SPIE, Bellingham, WA, 2016) Six-digit Article CID Number. 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
ISBN: 9781510601192 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time)· Fax +1 360 647 1445 
SPIE.org 
 
Copyright © 2016, Society of Photo-Optical Instrumentation Engineers. 
 
Copying of material in this book for internal or personal use, or for the internal or personal use of 
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by 
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this 
volume is $18.00 per article (or portion thereof), which should be paid directly to the Copyright 
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made 
electronically through CCC Online at copyright.com. Other copying for republication, resale, 
advertising or promotion, or any form of systematic or multiple reproduction of any material in this 
book is prohibited except with permission in writing from the publisher. The CCC fee code is 
0277-786X/16/$18.00. 
 
Printed in the United States of America. 
 
Publication of record for individual papers is online in the SPIE Digital Library. 

 

SPIEDigitalLibrary.org 
 
 
 

 
Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citation 
identifier (CID) number is assigned to each article at the time of publication. Utilization of CIDs 
allows articles to be fully citable as soon as they are published online, and connects the same 
identifier to all online and print versions of the publication. SPIE uses a six-digit CID article 
numbering system structured as follows: 

 The first four digits correspond to the SPIE volume number.        
 The last two digits indicate publication order within the volume using a Base 36 numbering 
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04, 
05, 06, 07, 08, 09, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each 
page of the manuscript.  

Proc. of SPIE Vol. 9878  987801-2



  Contents  
 
 
 vii Authors 
 
 ix Symposium Committees 
 
 xi Conference Committee 
 
 
 SESSION 1 ALGORITHM DEVELOPMENT AND EVALUATION: PASSIVE SENSING I 
 
   

 9878 03 Determination of immersion factors for radiance sensors in marine and inland waters: a 
semi-analytical approach using refractive index approximation [9878-2] 

   
 9878 04 Evaluation of downwelling diffuse attenuation coefficient algorithms in the Red Sea [9878-3] 
   
 9878 05 Estimation of turbidity in coastal waters using satellite data [9878-4] 
   
 
 SESSION 2 ALGORITHM DEVELOPMENT AND EVALUATION: PASSIVE SENSING II 
 
   

 9878 08 Optimization of spectral bands for ocean colour remote sensing of aquatic environments 
[9878-6] 

   
 9878 0C Contribution of ultraviolet and shortwave infrared observations to atmospheric correction 

of PACE ocean-color imagery [9878-10] 
   
 9878 0D Estimating photosynthetically available radiation at the ocean surface for primary 

production (3P Project): modeling, evaluation, and application to global MERIS imagery 
[9878-11] 

   
 9878 0E Preliminary results of an algorithm to determine the total absorption coefficient of water 

[9878-58] 
   
 
 SESSION 3 ALGORITHM DEVELOPMENT AND EVALUATION: ACTIVE SENSING I 
 
   

 9878 0F Offshore pollution monitoring using fully polarimetric X- and C-band synthetic aperture 
radar: a near-real-time perspective [9878-12] 

   
 9878 0G A new method for SARAL/AltiKa waveform classification: contextual analysis over the 

Maithon Reservoir, Jharkhand, India [9878-13] 
   
 
 SESSION 4 ALGORITHM DEVELOPMENT AND EVALUATION: ACTIVE SENSING II 
 
   

 9878 0K Dark spot detection for characterization of marine surface slicks using PolSAR remote 
sensing [9878-18] 

iii

Proc. of SPIE Vol. 9878  987801-3



 9878 0L 2D ocean waves spectra from space: a challenge for validation and synergetic use 
[9878-19] 

 
 9878 0M Development of water level estimation algorithms using SARAL/Altika dataset and 

validation over the Ukai Reservoir, India [9878-20] 
   
 
 SESSION 5 PHYSICAL APPLICATIONS FROM EXISTING SENSORS 
 
   

 9878 0O Estimation of latent heat flux using satellite based observations over the North Indian 
Ocean [9878-24] 

   
 9878 0P Evaluation of offshore wind energy resources for power generation based on scatterometer 

and SAR data along the Indian coast [9878-26] 
   
 
 SESSION 6 ENHANCED/NEW MEASUREMENT CONCEPTS AND SYSTEMS 
 
   

 9878 0R A high-resolution scanning pencil-beam scatterometer: system design challenges 
[9878-32] 

   
 9878 0S Underwater lidar system: design challenges and application in pollution detection 

[9878-29] 
   
 9878 0T CFOSAT: a new Chinese-French satellite for joint observations of ocean wind vector and 

directional spectra of ocean waves [9878-30] 
   
 9878 0U High-resolution shipboard measurements of phytoplankton: a way forward for enhancing 

the utility of satellite SST and chlorophyll for mapping microscale features and frontal zones 
in coastal waters [9878-31] 

   
 
 SESSION 7 BIOLOGICAL/ENVIRONMENTAL APPLICATIONS FROM EXISTING SENSORS I 
 
   

 9878 0X Classification of case-II waters using hyperspectral (HICO) data over North Indian Ocean 
[9878-35] 

   
 9878 0Y Characterization and modeling of bio-optical properties of water in a lentic ecosystem 

using in-situ hyperspectral remote sensing [9878-36] 
   
 9878 0Z Spatio-temporal evolution of chlorophyll-a in the Bay of Bengal: a remote sensing and bio-

argo perspective [9878-37] 
   
 
 SESSION 8 BIOLOGICAL/ENVIRONMENTAL APPLICATIONS FROM EXISTING SENSORS II 
 
   

 9878 10 Ocean color estimation by Himawari-8/AHI [9878-39] 
   
 9878 11 Spectral classifying base on color of live corals and dead corals covered with algae 

[9878-40] 
   

iv

Proc. of SPIE Vol. 9878  987801-4



 9878 12 Algal species dynamics in North Arabian Sea using long term ocean colour satellite data 
[9878-41] 

   
 9878 13 Optical characterization and assessment of ocean colour algorithms in Chilika Lagoon 

[9878-42] 
   
 
  POSTER SESSION 
 
   

 9878 17 Extraction of marine debris in the Sea of Japan using high-spatial-resolution satellite 
images [9878-47] 

   
 9878 18 Exploratory normalized difference water indices for semi-automated extraction of 

Antarctic lake features [9878-48] 
   
 9878 19 High-resolution multispectral satellite imagery for extracting bathymetric information of 

Antarctic shallow lakes [9878-49] 
   
 9878 1C Optical multispectral remote sensing of ocean surface [9878-52] 
   
 9878 1D Study on wind wave variability by inhomogeneous currents in the neighborhood 

underwater hill [9878-53] 
   
 9878 1F Spatio-temporal changes observed in supra-glacial debris cover in Chenab Basins, 

Western Himalaya [9878-55] 
   
 9878 1I Preliminary results of algorithms to determine horizontal and vertical underwater visibilities 

of coastal waters [9878-60] 

v

Proc. of SPIE Vol. 9878  987801-5



Proc. of SPIE Vol. 9878  987801-6



Authors 
 
 
Numbers in the index correspond to the last two digits of the six-digit citation identifier (CID) article 
numbering system used in Proceedings of SPIE. The first four digits reflect the volume number. Base 36 
numbering is employed for the last two digits and indicates the order of articles within the volume. 
Numbers start with 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, 0A, 0B...0Z, followed by 10-1Z, 20-2Z, etc. 
 
Agarwal, Shefali, 0K 
Aggarwal, Shivprasad, 0G 
Akbar A. S., M., 11 
Amiot, T., 0T 
Aouf, L., 0T 
Aoyama, Takashi, 17 
Arnone, Robert, 0U 
Bakhanov, Victor V., 1C, 1D 
Baliarsingh, S. K., 12, 13 
Barille, Laurent, 11 
Bhattacharyya, Soumya, 0G 
Bogatov, Nikolai A., 1D 
Castillan, P., 0T 
Ch., Purnachand, 0O 
Chakraborty, A., 0S 
Chakraborty, Prantik, 0R 
Chander, S., 0M 
Chapron, B., 0L 
Dadhwal, V. K., 08, 0O, 0U 
Delaye, L., 0T 
Desa, Erwin J. A., 0E, 1I 
Dev, Pravin Jeba, 03 
Dutta, Suvajit, 0G 
E., P. Rama Rao, 0X, 0Z 
Ermoshkin, Alexei V., 1D 
Fitrah, Muh. Nur, 11 
Frouin, Robert J., 0C, 0D 
Gaddam, Vinay Kumar, 1F 
Ganguly, D., 0M 
Garg, J.  K., 0Y 
Garg, Vaibhav, 0G 
Ghosh, Surajit, 0G 
Goes, Joaquim I., 0U 
Gomes, Helga do R., 0U 
Gross-Colzy, Lydwine S., 0C 
Guitton, G., 0L, 0T 
Gupta, Pradip, 0S 
Gupta, Priyanka, 0R 
Hauser, D., 0T 
Husson, R., 0L 
Jagdish, 0P 
Jawak, Shridhar D., 18, 19 
 

Jayaram, Chiranjivi, 0Z 
Jenkins, Christy A., 0U 
Jolivet, Dominique, 0D 
Jones, Burton H., 04 
Joshi, Shreya, 1I 
K. V. S. R., Prasad, 0O 
K., Srinivas, 0X 

Kattamuri, Hari P., 0K 
Komatsu, Teruhisa, 11 
Kulshreshtha, Anuj, 05 
Kumar, Raj, 0P 
Kumar, Shashi, 0K 
Kumar, T. Srinivasa, 08, 12 
Lehner, Susanne, 0F 
Li, H., 0L 
Lotliker, Aneesh A., 08, 0E, 12, 13 
Luchinin, A. G., 1C 
Luis, Alvarinho J., 18, 19 
M., V. Rao, 0O 
Mahendra, R. S., 12 
McKee, Kali, 0U 
Misra, Tapan, 0R 
Mohanty, P. C., 12 
Mouche, A., 0L, 0T 
Murakami, Hiroshi, 10 
N., Srinivasa Rao, 0X 
Nagamani, P. V., 08, 0U 
Nandy, Subrata, 0G 
Navalgund, R. R., 08 
Nurdin, Nurjannah, 11 
Ondrusek, Michael, 0U 
P. C., Deka, 0X 
Parida, C., 13 
Patel, Lavkush K., 1F 
Prasyad, Hermansyah, 11 
Preethi Latha, T., 08, 0U 
Ramon, Didier, 0D 
Rao, K. H., 08, 0O, 0U, 0Z 
Ressel, Rudolf, 0F 
 

S. V. V., Arun Kumar, 0P 
Sahoo, Subhashree, 13 
Sahu, K. C., 13 
Saluja, Ridhi, 0Y 
Sankolli, Swati, 0S 
Sarma, Y. V. B., 04 
Sawayama, Shuhei, 11 
Shanmugam, Palanisamy, 03, 05 
Sharma, Parmanand, 1F 
Sharma, Rashmi, 0G 
Singh, Ajit, 1F 
Singha, Suman, 0F 
Talaulikar, Madhubala, 0E, 1I 
Tan, Jing, 0D 
Thakur, Praveen Kumar, 0G 
Thamban, Meloth, 1F 
Thayapurath, Suresh, 0E, 1I 

vii

Proc. of SPIE Vol. 9878  987801-7



Tison, C., 0T 
Titov, Victor I., 1C, 1D 
Tiwari, Surya Prakash, 04 
Udaya Bhaskar, T. V. S., 0Z 
Wang, H., 0L 
Wang, Menghua, 0U 
Zimin, Alexei V., 1D 
Zuikova, E. M., 1C 
 

viii

Proc. of SPIE Vol. 9878  987801-8



Symposium Committees 

 
Symposium Chairs 

  Upendra Singh, NASA Langley Research Center (United States) 
  Vinay Dadhwal, Indian Space Research Organisation (India) 
  KJ Ramesh, Ministry of Earth Sciences (India) 
 

Symposium Co-chairs 

 Toshio Iguchi, National Institute of Information and  
   Communications Technology (Japan) 

 Jiancheng Shi, Institute of Remote Sensing and Digital Earth  
    (China) 
 

Honorary Symposium Chairs 

 A. S. Kiran Kumar, Indian Space Research Organisation (India) 
Charles F. Bolden, National Aeronautics and Space 
   Administration (United States) 

 Jean-Yves Le Gall, Centre National d'Études Spatiales (France) 
Naoki Okumura, Japanese Aerospace Exploration Agency  
   (Japan) 

 Dazhe Xu, China National Space Administration (China) 
 Madhavan N. Rajeevan, Ministry of Earth Sciences (India) 
 Guanhua Xu, Ministry of Science and Technology (China) 
 Alain Ratier, EUMETSAT (Germany) 
 

Symposium Technical Program Chairs 
  George J. Komar, National Aeronautics and Space  

    Administration (United States) 
  Kohei Mizutani, National Institute of Information and  

    Communications Technology (Japan) 
  Tapan Misra, Indian Space Research Organisation (India) 
  S.S.C. Shenoi, Ministry of Earth Sciences (India) 
  Xiaohan Liao, China National Remote Sensing Center (China) 
 

Symposium International Organizing Committee 

  Michael H. Freilich, Chair, National Aeronautics and Space  
    Administration (United States) 

  Jack A. Kaye, National Aeronautics and Space Administration  
    (United States) 

  Clayton P. Turner, NASA Langley Research Center (United States) 

ix

Proc. of SPIE Vol. 9878  987801-9



  David F. Young, NASA Langley Research Center (United States) 
  Y. V. N. Krishnamurthy, Indian Space Research Organisation  

    (India) 
  M. Annadurai, Indian Space Research Organisation (India) 
  Saroj K. Jha, National Hydrographic Centre (India) 
  E. N. Rajagopal, National Centre for Medium Range Weather  

    Forecasting (India) 
  M. Ravichandran, National Centre for Antarctic and Ocean  

    Research (India) 
  Teruyuki Nakajima, Japan Aerospace Exploration Agency  

    (Japan) 
  Toshiyoshi Kimura, Japan Aerospace Exploration Agency  

    (Japan) 
  Akimasa Sumi, National Institute for Environmental Studies  

    (Japan) 
  Haruhisa Shimoda, Tokai University (Japan) 
  Peng Gong, Tsinghua University (China) 
  Shunling Liang, Beijing Normal University (China) 
 

Local Organizing Committee 

  Shibendu S. Ray, Mahalanobis National Crop Forecast Centre  
     (India) 

  Mahendra Bhutiyani, Defence Terrain Research Laboratory  
     (India) 

  Vivek Singh, Indian Space Research Organisation (India) 
 Shiv Prasad Aggarwal, Indian Space Research Organisation  

   (India) 
  Sameer Saran, Indian Space Research Organisation (India) 
  Jagvir Singh, Ministry of Earth Sciences (India) 
  Rishi Kumar, Ministry of Earth Sciences (India) 
  Rabi N. Sahoo, Indian Agricultural Research Institute (India) 
  Jai K. Garg, Guru Gobind Singh Indraprastha University (India) 
  Pawan Kumar Joshi, Jawaharlal Nehru University (India) 

 Madan M. Kimothi, Mahalanobis National Crop Forecast Centre  
   (India) 

x

Proc. of SPIE Vol. 9878  987801-10



Conference Committee 
 
 
Conference Chairs 

Robert J. Frouin, Scripps Institution of Oceanography (United States) 
Satheesh C. Shenoi, Indian National Centre for Ocean Information 
   Services (India) 
K. H. Rao, National Remote Sensing Centre (India) 

 

Conference Co-chairs 

Delu Pan, The Second Institute of Oceanography, SOA (China) 
Hiroshi Murakami, Japan Aerospace Exploration Agency (Japan) 
Joo-Hyung Ryu, Korea Institute of Ocean Science & Technology 
   (Korea, Republic of) 

 

Conference Program Committee 

Prakash Chauhan, Space Applications Centre (India) 
Heidi M. Dierssen, University of Connecticut Health Center 
   (United States) 
David P. Doxaran, Observatoire Océanologique de Villefranche sur 
   Mer (France) 
Cécile Dupouy, Institut de Recherche pour le Développement 
   (New Caledonia) 
Rashmin Dwivedi, Centre for Marine Living Resources & Ecology 
   (India) 
Rakesh Mohan Gairola, Indian Space Research Organization (India) 
Joji Ishizaka, Nagoya University (Japan) 
Zhongping Lee, University of Massachusetts Boston (United States) 
Hubert Loisel, Laboratoire d'Océanologie et de Géosciences 
   (France) 
Aneesh A. Lotliker, Indian National Centre for Ocean Information 
   Services (India) 
Alvarinho Joaozinho Luis, National Centre for Antarctic & Ocean 
   Research (India) 
Young Je Park, Korea Institute of Ocean Science & Technology 
   (Korea, Republic of) 
Rashmi Sharma, Space Applications Centre (India) 
Menghua Wang, NOAA National Environmental Satellite, Data, and 
   Information Service (United States) 

 

xi

Proc. of SPIE Vol. 9878  987801-11



Session Chairs 

 Opening Ceremony and Plenary Session 
Upendra N. Singh, NASA Langley Research Center (United States) 

 
1 Algorithm Development and Evaluation: Passive Sensing I 

Robert J. Frouin, Scripps Institution of Oceanography (United States) 
 

2 Algorithm Development and Evaluation: Passive Sensing II 
Robert J. Frouin, Scripps Institution of Oceanography (United States) 

 
3 Algorithm Development and Evaluation: Active Sensing I 

Sergey A. Lebedev, Geophysical Center of the Russian Academy of 
   Sciences (Russian Federation) and Space Research Institute 
   (Russian Federation) 

 
4 Algorithm Development and Evaluation: Active Sensing II 

Sergey A. Lebedev, Geophysical Center of the Russian Academy of 
   Sciences (Russian Federation) and Space Research Institute 
   (Russian Federation) 

 
5 Physical Applications from Existing Sensors 

Delu Pan, The Second Institute of Oceanography, SOA (China) 
 

6 Enhanced/New Measurement Concepts and Systems 
Hiroshi Murakami, Japan Aerospace Exploration Agency (Japan) 

 
7 Biological/Environmental Applications from Existing Sensors I 

Satheesh C. Shenoi, Indian National Centre for Ocean Information 
   Services (India) 

 
8 Biological/Environmental Applications from Existing Sensors II 

Satheesh C. Shenoi, Indian National Centre for Ocean Information 
   Services (India) 

 

xii

Proc. of SPIE Vol. 9878  987801-12


